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INVESTIGATION OF TWO BIFURCATED-DUCT INLET SYSTEMS 
FROM MACH 0 TO 2.0 OVER A WIDE RANGE OF ANGLES OF ATTACK 

Eldon A. Latham 
Ames Research Center 


SUMMARY 


A 15.354-percent-scale lightweight fighter-type inlet-forebody was 
tested in the Ames Unitary Plan Wind Tunnels over a Mach number range of 
0 to 2.0. Model configurations consisted of side-mounted normal shock and 
fixed overhead ramp-type inlets. Each configuration consisted of two inlets 
ducted (bifurcated) to supply a single engine face. The normal shock inlet 
variables included a boundary layer splitter bleed system, alternate bound- 
ary-layer splitter plates, alternate upper and lower cowl lip shapes, and 
a blow-in door (auxiliary inlet) in one lower lip. The only variable of 
the fixed overhead ramp inlet was the boundary layer bleed flow. Reynolds 
numbers ranged from 7.6 x 10° to 19.5 x 10 6 /m (2.5 x 10 b to 6.4 x 10 b /ft). 
Angle of attack ranged from -10° to 35° and angle of sideslip from -8° to 
8°. Test measurements included engine face total pressure recovery, steady- 
state distortion, dynamic distortion, and surface static pressures on the 
forebody and inlet surfaces. This report includes only representative data 
of some of the important parameters. 


INTRODUCTION 


The purpose of this investigation was to obtain inlet performance and 
dynamic distortion characteristics over an extensive maneuver envelope for 
a single engine, advanced lightweight fighter aircraft configuration with 
two types of side-mounted inlets. Normal shook and overhead ramp inlet 
configurations were tested. Several devices (bleed systems, cowl lip 
shapes, and a lower lip blow-in door) to minimize the normal shock inlet 
distortion at high angles of attack were also evaluated. 

The test program, which was a cooperative effort of NASA, McDonnell 
Douglas Corporation, and the Navy was conducted in the Ames 11- by 11 -Foot 
and 9- by 7-Foot Wind Tunnels (ref. 1) at Mach numbers of 0 to 2.0. Angle 
of attack ranged from -10° to 35° and angle of sideslip from -8° to 8 V . 
Reynolds numbers ranged from 7.6 x 10 6 to 19.5 x 10 6 /m (2.5 x 10 6 to 6.4 
x 10 b /ft). Test measurements include engine face total -pressure recovery, 
steady-state distortion, dynamic distortion, and surface static pressures 
on the forebody and inlet surfaces. 


NOMENCIAIUKE 


/ 

M 



S yr bo 1 
a, ALPHA 


e, BETA 
BID 


B.L 


Definition 


model angle of a tack, referenced to a water line 
plane, degrees 

model angle of sideslip, referenced to a buttock line 
plane, degrees 

blow-in-door angle setting relative to a W. W. plane, 
degrees 

buttock line, centimeters 


CN 


correlation number 


F.S. 


fuselage station, centimeters 


Inlet Bleed overhead ramp inlets; refers to the bleed mass flow 

plug sleeve setting, inches 

normal shock inlet: "full open" refers to the d, 
choke or a throat bleed area of 69.55 in^ full scale 

M, MACH tunnel freestream Mach number 


P 


PT 

Q0,q 

R/FT 

STING MP 
STING MY 
TT 
W.L. 

XMFP 


tunnel freestream static pressure, pounds per square 
ft absolute 

tunnel freestream total pressure, pounds per square 
ft absolute 

tunnel freestream dynamic pressure, pounds per square 
foot 

Reynolds number per ft x 10“® 

measured sting bending ■: >ment in the pitch plane, in-lbs 
measured sting bending moment in the yaw plane, in-lbs 
tunnel freestream total temperature, °F 
water line, centimeters 

schedule of main mass flow plug sleeve set positions 
as listed on the run schedule, inches 

forward fuselage. See figures 2 and 3 

fixed ramp inlet lower cowl lip. See figure 19 
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Definition 

normal shock inlet baseline lower cowl lip. See 
figure 13 

normal shock inlet cowl lip, same as C ~ but with blow- 
in-door. See figure 14 

normal shock inlet cowl lip, very blunt. See figure 16 

normal shock inlet cowl lip, moderate bluntness. See 
figure 17 

normal shock splitter bleed exit, without choke. See 
figure 9 

fixed overhead ramp inlet duct. See figure 20 

normal shock inlet duct. See figure 9 

Da uuct with increased radius upper cowl lip. See 
figure 9 

boundary layer diverter. See figures 2 and 3 
engine spinner. See figure 26 

engine face rake. See figures 26 and 27 
aft ramp rake for OHR inlet. See figure 20 
lower duct rake for OHR inlet. See figure 20 

upper duct rake for NS inlet. See figure 12 

lower duct rake for NS inlet. See figure 12 

inboard duct rake for inlet. See figure 12 

fuselage rakes, both left and right-hand. See figure 8 

fuselage rake on lower left side only. See figure 8 

radome. See figures 2 and 3 

inboard side plate splitter for NS inlet. Splitter 
leading edge is parallel and 14.50 inches (full-scale) 
forward and normal to the inlet plane. See figure 11 

Inboard side plate splitter for NS inlet. Splitter 
leading edge is parallel and 21.747 inches (full- 
scale) forward and normal to the inlet plane. See 
figure 11 
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Definition 

with increased leading edge radius. See figure 

11 


inboard side plate splitter for NS inlet. Splitter 
leading edge is parallel and 7.490 inches (full- 
scale) forward and normal to the inlet plane. Lead- 
ing edge radius same as q ? . See figure 11 

q^ with porous section just forward of the inlet 

plane. Porous area 10.18 in. 2 (full scale). See 
figure 11 


duct splitter plate. See figure 25. 


forward ramp for OHR inlet. See figure 21 


aft ramp for OHR inlet. See figure 22 


Parameters Common to All Configurations 


PT2(I,J) 


PT2LEG(J) 


pressure recovery: ratio of individual compressor 

face total pressure to freestream total pressure 
for each probe in compressor face (48) 

WHERE: 1=1-6 (Ring No.) 

J = 1-8 (Leg No.) 

average pressure recovery in LEG J 
WHERE J = 1-8 


PT2RIN(I) 

P2W(I) 


average pressure recovery in RING I WHERE 1=1-6 

ratio of individual compressor face wall static 
pressure to freestream total pressure, 1=1-8 
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Symbol 

Definition 

* 

P2HUB( I ) 

ratio of individual engine hub static pressures 
to freestream total pressure. 1=1-4 


PFX 

ratio of individual forward fuselage static rres- 
sure to freestream total pressure, X=L (left), R 
(rignt), and LL (lower left) 


PTFX(I) 

ratio of individual forward fuselage boundary layer 
rake total pressure to freestream total pres:ure, 

1 = 1-7 


PBLDX(I) 

ratio of individual boundary layer diverter static 
pressure to freestream total pressure, I = 1-3; 

U (upper surface) and L (lower surface) 


PDE(I) 

ratio of individual main duct mass flow plug sleeve 
exit static to freestream total pressure, 1=1-3 


XMFP 

main duct mass flow plug sleeve position, inches 


Engine Face 

Parameters 


NOTE: Data are presented fo^ conditions noted avg, left and right. These 

refer to data averaged over the entire compressor face and the 
left and right hand sides of the compressor face. 



PT2 

ratio of average compressor face total to freestream 
total pressure 


P2 

ratio of average compressor face static to free- 
stream total pressure 


P2<j> PT2 

ratio of average compressor face static to com- 
pressor face total pressure 

** 

WAKDRA 

duct flow rate basedon rake calibration (Pounds/ 
Second) 

• 

WAKDRA = 

132.322 (M2 Rake) A2E n 
[1 + 0.2 (M2 Rake)*! 3 
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Symbo l Definition 

M2 rake = f(P2$PT2) 

A2E = 5.7658 ft 2 

Cl = .7265 airflow correction constant (duct was 
designed and calibrated for a 16.292 percent F-15 
Inlet) 

WAKD duct flow rate based on plug calibration (Pounds/ 

Second) 

WAKD = WAD • Cl 
WAD = f (XMFP, PE4»PT2) 

PEi>PT2 = ratio of plug exit static to duct total 
pressure 

PERFLj> percent flow in each side of duct 

M 2 Mach number at engine face based on flow rate 

Q24>PT2 ratio of dynamic to total pressure at the engine 

face 

Q24-PT2 = 0.7 (M2) 2 [1 + 0.2 (Ma) 2 ] " 3 ‘ 5 

PDE ratio of average duct plug exit static to freestreani 

total pressure 

PE 4>PT2 average static to total pressure ratio at duct plug 

exit 

o 

ADE theoretical duct plug exit area, inches 

ADE = it [6. 2964 - 0.5(XMFP)][0. 7071 (XMFP)-0. 1464] 

Distortion Parameters 

LEFT refers to left side of engine face (rake legs 1 to 4) 

RIGHT refers to right side of engine face (rake legs 5 to 8) 

HI refers to highest value 
LOW refers to lowest value 
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Definition 


Symbol 


D2 


PT2(i,j) HI -PT2 (1,j) L0W 
m 


D2L 

D2R 


PT2 (i,j) 


PT2 (i.j) 


HI LEFr PT2 (i,j ^L0M LEFT 
PT2L 

HI RIGHT‘ PT2 ^’^LOW RIGHT 

pm 


DPI = PT2»-EG(j) HI - PT2LEG( j) LQW 
PT2 

DC = [PT2LEG (j) HI + PT2LEG (j) 2ND HI 3 - [PT2LEG (j) L0W 

“ 2TPT2) 

PT2RIN(i ) HI - PT2RIN(i) L0W 
DR = m 

DT = DC + DR 


+ PT2LEG (j) 2Np LOW -j 


n „, _ p T2LEG(j) HI LEFT - PT2LEG(j) LQW L £ FT 
ULL " PT2L 

nrn _ PT2 LEG ^)hI RIGHT “ PT2 LEG( j) L0W RIGHT 

OCR Kt55 


DTL = DCL + DR 
DTR * DCR + DR 
P&WA D i stortion Factors 

NOTE: For the following distortion parameter definitions, the symbols 

Y and F refer to the YF401 and the F100(3) engine 

KA2Y Fan distortion factor 
KA2F 9 

KA2 = KTH + bKR/T 

KTH, K 0 Fan circumferential distortion factor 


/ 






Symbol 


Definition 


K e = 


J 

E 

ring=l 


mi 

J\N ring 


(q/P t o) 


t2'ref 


X , 

ring=l 


ring 


ring 


where: 

J = Number of rings (probes per leg) 
D = Ring diameter 


— = Reference value of engine face 

r t2 ref dynamic pressure head, function 
of engine face Mach number 


A N V i N 2 + b N 2, N-1,2,3,4 


where 
a», = 


- 40 
N ‘ 180 


K 

£ 


k - 49 
b N ‘ — 


TW & 


Vto 


(kA0) 


( p fZ^ P to) 


cos (NkAe) 


p t 2 / p t 


(kA0) 


(PT^ P 


COS (M*<A0) 


*2 to 


and 


P t2^ P to^ A0 ) ” Loca ^ recovery at- angle, kA0 


(P^2f/Pt 0 ) = Face average recovery 
k * Number of rake legs 

A0* angular distance between rake legs, degrees 



maximum value for the four Fourier 
coefficients calculated; normally 
turns out to be A-| 


i 

i 


a 



\ 


* 
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Symbol Definition 

KRA2, Fan Radial Distortion Factor 


J 

Z 


AP 


t2 


“To 


Va2 


_ ring=1 r tg~ ring 


ring 


( q/P t2 ^ref^ 1.0 
u ring 


with: 


.AP 


Wing 


where: 


( p t 2 / p t0> < p t2b.se 


p tr /p to 


Pt? 


* r ™ 9 avera 9 e recovery 




p t2 base 


_2ba|e_ B reference radial profile, function 

p nr of (o/ p t2Vef 

b * radial distortion weighting factor 
= freestream total pressure 

KTHSPL, K Q sp]^^er *^9h Compressor Circumferential Distortion Factor 
KC2, Kq 2 High Compressor Distortion Factor 

ir ■ k 

XZ *0 Splitter e- 

where: 

K espl1tter * s ca l ci, l ate< * the same wa y as 

K fl , but using values only for rings having 
0 diameters less than or equal to the splitter 
diameter, D sp ^ t ter as def1ne<1 below: 


1 
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Symbol Definition 

“splitter" J a s (0D 2 -ID 2 ) ~ ID* 

OD = Outside diameter 

ID « Inside diameter 

a = splitter streamtube area ratio, 
s function of (q/P^ref 

0" a the greatest angular extent where P+->/P t2 < 1.0. If 
there are two regions of low P t2 /P t 2 "separated by 25° 
or less they are to be treated^as one low pressure 
region. The lower limit of 0 " is to be 90°. 

In the above definitions the folowing constants have the value of: 

J * 6 Dring (1) = 2.448" 

K = 8 (2) = 3.320" 

A 0 = 45° (3) * 4.006" 

OD * 5.8" (4) = 4.590" 

ID = 1.867" (5) = 5.108" 

(6) = 5.580" 

GE Distortion Factors 

ID Fan Distortion Factor 

ID = B * A-j * IDC + A 2 • IDR 

B is a superposition factor 

A.| is percent surge margin loss per unit IDC 

A 2 is percent surge margin loss per unit IDA 

IDC Fan Circumferential Distortion Factor 

I DC ( 1 ) * [PT2RIN(1) - PT2MIN(1)]/PT2 

i ■ 1 to 6 

PT2MIN(1) is the lowest probe value on ring 1 
IDCIN » [IDC(l) + IDC(2)]/2 
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S ymbol 

IDR 


IDCIN 

IDCflJT 

IDRIN 

IDR4UT 

T(1K(8) 


PT2H(3, J 
TURB 

Overhead Ramp 
PNUF(I) 


Definition 

IDC<|>UT = [IDC(5) + IDC(6)]/2 
I DC * larger of IDCIN or IDC4-UT 
Fan Radial Distortion Factor 
IDR(1) = [PT2BAR - PT2niN(i)]/PT2 
i * 1 to 6 

IDRIN « [IDR(l) + IDR(2)]/2 
IDR<frUT= [IDR(5) + IDR(6)]/2 
IDR * larger of IDRIN or IDR<MJT 
IDC based on two inside rings only 
INC based on two outside rings only 
IDR based on two inside rings only 
IDR based on two outside rings only 
Individual Leg Turbulence Factor 


T(J) = PT2H (3,J) rms 
PT2(3,J) 


J = 1-8 


The RMS signal from a high response total pres- 
sure probe on the third ring of the engine face 
rake. PT2 (3,J) is the steady state counterpart 
to PT2H (3 , J ) 

Ring Average Turbulence 


Inlet Parameters 


PT2H (3.J) ms 

"FTfTT.T) 


ratio of Individual external upper naceTle static 
to freestream total pressures* I ■ 1 -5 



Symbol 

Definition 

PNLF(I) 

ratio of individual ex*:rnal lower nacelle static 
to freestream total pressures 1=1-9 

PNISPF(I) 

ratio of individual inboard sideplate static to 
freestream total pressures 1=1-4 

PN<t»SPF(I) 

ratio of individual outboard sideplate static 
to free: cream total pressures 1=1-5 

PRF(I) 

ratio of individual internal ramp static to free- 
stream total pressures 1=1-9 

PDUF(I) 

ratio of individual internal upper duct static to 
freestream total pressures 1=1 - 14 

PDLIPF(I) 

ratio of individual internal lower lip static to 
freestream total pressures 1=1-6 

PDLF(I) 

ratio of individual internal lower duct static to 
freestream total pressures 1=1-5 

PD if (I) 

ratio of individual internal outboard duct static 
to freestream total pressures 1=1-5 

PDIF ( I ) 

ratio of individual internal inboard duct static 
to freestream total pressures, 1 = 1-4 

PTDUF(I) 

ratio of individual aft ramp boundary layer rake 
total to freestream total pressures, 1=1-3 

PTDLF(I) 

ratio of individual lower cowl boundary layer rake 
total to freestream total pressure, 1=1-5 

PDISPF 

ratio of internal inboard sideplate static to free- 
stream total pressure 

PD*SPF 

ratio of internal outboard sideplate static to free- 
stream total pressure 

PTBPLF 

ratio of left-hand bleed plenum total to freestream 
total pressure 

PBPLF 

ratio of left-hand bleed plenum static to freestream 
total pressure 


PTBPRF 


ratio of right-hand bleed plenum total to freestream 
total pressure 



Symbol 

Definition 

PBPRF 

ratio of right hand bleed plenum static to freestream 
total pressure 

PD52 

ratio of average internal duct static pressure at 
F.S. 132.08 to freestream total pressure 

PD52 = 1/4[PDUF(1 ) + PDIF(l) + PD4»F(1 ) + PDLF(l)] 

PD53 

ratio of average internal duct static pressure at 
F.S. 134.62 to freestream total pressure 

PD53 = 1/4[PDUF(3) + PDIF(2) + PD*F(2) + PDLF(2)] 

PD57 

ratio of average internal duct static pressure at 
F.S. 144.78 to freestream total pressure 

PD57 = 1/4[PDUF(5) + PDIF(3) + PD*F(3) + PDLF(3)] 

PD65 

ratio of average internal duct static pressure at 
F.S. 165.10 to freestream total pressure 

PD65 = 1/4[PDUF(9) + PDIF(4) + PD<j>F(4) + PDLF(4)] 

PD73 

ratio of average internal duct static pressure at 
F.S. 185.42 to freestream total pressure 

PD73 = 1/3[PDUF(13) + PD*F(5) + PDLF(5)] 

PTBLF(I) 

ratio of individual left-hand bleed mass flow pipe 
total to freestream total pressures, 1=1-9 

PBLF(I) 

ratio of individual left-hand bleed mass flow plug 
sleeve static to freestream total pressures 1=1-3 

PTBRF(I) 

ratio of individual right-hand bleed mass flow pipe 
total to freestream total pressures 1 = 1-9 

PBRF(I) 

ratio of Individual right-hand bleed mass flow plug 
sleeve static to freestream total pressures 1=1-3 

XMFPBI. 

left bleed plug sleeve position - inches 

XMFPBR 

right bleed plug sleeve position - inches 

P^PTPL 

ratio of left bleed plenum static to total pressure 

P<P PTPR 

ratio of right bleed plenum static to total pressure 

PTBL 

ratio of average left bleed total to freestream 
total pressure 



Symbol 

PTBR 

PBL 

PBR 

P 4 .PTBL 

P 4 PTBR 

WAKBL 

WAKBR 

ABL 

ABR 

ACO 

AC 


Definition^ 

PTBL = ^ -5| PTBLF(l) 


ratio of average right bleed total to freestream 
total pressure 

PTBR = ^ jj PTBRF(i) 

ratio of average left bleed static to freestream 
total pressure 

PBL = j ^ PBLF(i) 

ratio of average right bleed static to freestream 
total pressure 

1 £ 

PBR = 3 ^ PBRF(i) 

ratio of average static to total pressure in the 
left hand bleed 

P«t>PTBL = PBL/PTBL 


ratio of average static to total pressure in the 
right hand bleed 

P 4 .PTBR = PBR/PTBR 

flow rate through left bleed duct (pounds/second) 


WAKBL = WABL-C1-PTBL/PT2 

WABL = f (XMFPBL,P<(>PTBL) and calibration curve 
shown in reference 2 

flow rate through right hand bleed duct (pounds/ 
second) calculation same as WAKBL 

p 

theoretical left bleed exit area (inches) 

ABL * tt[2 .6927 - 0.5(XMFPBL)][0.7071 (XMFPBL)- .29270 

p 

theoretical right bleed exit area (inches) 

ABR = ir[2.6927 - 0.5(XMFPBR)][0.7071 (XMFPBR) - .2927] 

inlet capture area at ALPHA * 0 (975.168 in^) 

inlet capture area at ALPHA f 0 

AC [ ^ T6AMMA7 ] AC0 
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Symbol 


Definition 


i 

X 


ACAPT 

MFRD 


MFRBL 

MFRBR 

MFRI 

CDFO 

CLFI 

CDFI 

CLFR 

CDFR 

CLFADD 


GAMMA = 38.334 degrees 
ACO and/or AC 

duct mass flow ratio based on ACO and AC 

MFFO = freestream mass flow function 

left bleed mass flow function, based on ACO and 
AC. Calculation same as MFDR 

right bleed mass flow function, based on ACO and 
AC 

inlet mass flow ratio, based on ACO and AC 

MFRI = MFRD + MFRBL + MFRBR 

freestream drag coefficient CDFO = FO/QO 

FO = f (P0,M0,WAK0) freestream drag force WAKO = 
[WARD + WAKBl + WAKBR] PT2 

inlet lift coefficient 

CLFI = [F INLET*SIN(6° + ALPHA) ]/Q0 

calculation of F INLET can be found in reference 2 

inlet drag coefficient 

CDFI = [F INLET*C0$(6° + ALPHA) ]/Q0 

ramp lift coefficient 

CLFR = [F RAMP* COS (6° + ALPHA) ]/Q0 

calculation of F RAMP can be found in reference 2 

ramp drag coefficient 

CDFR * [F RAMP*SIN(6° + ALPHA) ]/Q0 

additive lift coefficient 
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Symbol 

CDFADD 

Normal Shock 

Nacelle Data 
PNUM(I) 

PNLN(I) 

PN* SPN(I) 

Duct Data 
PSPTN(I) 

PDUN(I) 

PDLN(I) 

PDIN(I) 

PD*N(I) 

PTDIN(I) 

PTDUN(I) 

PTDLN(I) 

PBELN(I) 

PBERN(I) 

PTBELN 


Definition 

CLFADD = CLFR - CLFI 
additive drag coefficient 
CDFADD = CDFR + CDFI - CDFO 
Inlet Parameters 


ratio of individual external upper nacelle static 
to freestream total pressures, 1=1-5 

ratio of individual external lower nacelle static 
to freestream total pressures, 1 = 1-8 

ratio of individual external outboard sideplate 
static to freestream total pressures, 1=1-6 


ratio of individual internal splitter static to 
freestream total pressures, 1=1-3 

ratio of individual internal upper duct static to 
freestream total pressures, 1=1 - 16 

ratio of individual internal lower duct static to 
freestream total pressures, 1=1 - 11 

ratio of individual inboard duct internal static 
to freestream total pressures, 1=1-5 

ratio of individual outboard duct Internal static 
to freestream total pressures, 1=1-6 

ratio of individual inboard duct boundary layer 
rake total to freestream total pressures 1=1-5 

ratio of individual upper duct boundary layer rake 
total to freestream total pressures, 1=1-3 

ratio of individual lower duct boundary layer rake 
total to freestream total pressures, 1=1-5 

ratio of individual left bleed exit static to 
freestream total pressures, I = 1 - 9 

ratio of individual right bleed exit static to 
freestream total pressures, 1=1-2 

ratio of left bleed exit total to freestream total 
pressure 
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Symbol 

PTBERN 

PBPLN 

PBPRN 

PD50 

PD51 

PD53 

PD57 

PB65 

PD73 

Bleed Parameters 
PSPT 

PRP 4>R 



I 

X 


Definition 


ratio of right bleed exit total to freestream total 
pressure 

ratio of left bleed plenum static to freestream total 
pressure 

ratio of right bleed plenum static to freestream 
total pressure 

ratio of average duct static pressure at F.S. 127.00 
to freestream total pressure 

PD50 = \ [PDUN(3) + PDIN(l) + PD4>N(1 ) + PDLN(5)] 

ratio of average duct static pressure at F.S. 129.54 
to freestream total pressure 

PD51 = 1/4[PDUN(4) + PDIN(2) + PD<J.N(2) + PDLN(7)] 

ratio of average duct static pressure at F.S. 134.62 
to freestream total pressure 

PD53 = 1/4[PDUN(5) + PD1N(3) + PD*N(3) + PDLN(8)] 

ratio of average duct static pressure at F.S. 144.78 
to freestream total pressure 

PD57 = 1/4[PDUN(7) + PDIN(4) + PD4>N(4) + PDLN(9)] 

ratio of average duct static pressure of F.S. 165.10 
to freestream total pressure 

PD65 = 1/4[PDUN(11 ) + PDIN(5) + PD4>N(5) + PDLN(10] 

ratio of average duct static pressure of F.S. 185.42 
to freestream total pressure 

PD73 « 1/3[PDUN(15) + PD*N(6) + PDLN(ll)] 


ratio of average Internal splitter static to free- 
stream total pressure 

pressure ratio across porous plate on left-hand in- 
let 
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Symbol Definition 

PRP*R = PBPLN/PSPT 

PBEL ratio of average left bleed exit static to free- 

stream total pressure 

PBER ratio of average right bleed exit static to free- 

stream total pressure 

P<I>PTBL ratio of average left bleed exit static to total 

pressure 

P4>PTBL = PBEL/PTBELN 

P4> PTBR ratio of average right bleed exit static to total 

pressure 

P*PTBR = PBER/PTBERN 

2 

ABE bleed exit area (69.55 inches ), constant 

WAKBL theoretical flow rate through left bleed exit 

(pounds/second) 

calculation procedure can be found in reference 2 

WAKBR theoretical flow rate through right bleed exit 

(pounds/second) 


Mass Flow Parameters 


ACO 


inlet capture area at ALPHA s 0. This value is a 
function of the lower cowl configuration 


Configuration 

Cowl 

ACO ( 

4,5, 7,9 

C 2 

829.44 

6,8,10,11,12,15,16 

C 2’ C 3 

844.42 

13,17 

C 5 

889.06 

14 

C 4 

939.46 


AC 


Inlet capture area at ALPHA f 0 


AC ■ 
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Symbol 


Definition 


} 



MFRI 

CDFO 

CLFI 


CDFI 

CLFADD 

CDFADD 

THETA 

ATHROAT 


GAMMA * 75 degrees for configuration 4,5,7 and 9 
= 73.3 degrees for all other configurations. 
Inlet mass flow ratio, computed with ACO and/or AC 


MFRI = 


1.5497(WAKD)PT2 

MFFO(ACO) 


freestream drag coefficient calculation same as for 
OHR inlet 

inlet lift coefficient 


CLFI = [FIMV -SIN (ALPHA) + FIP • SIN(ALPHA - 15°)]/Q0 

FIMV = inlet momentum. Calculation procedure can 
be found in reference 2 

FIP = (PI - PO) AI inlet pressure term 

AI = ACO/SIN GAMMA 


inlet drag coefficient 

CDFI = [FIMV *C0S(ALPHA) + FIP-COS(ALPHA - 15°)]/Q0 
Same as CLFI 

additive drag coefficient 
CDFADD = CDFI - CDFO 


blow-in-door rotation angle, applies to C 3 cowl 
only, degrees 

THETA = f(pot millivolts) 

blow- in-door throat area 

ATHROAT = f( THETA) see reference 2 
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MODEL DESCRIPTION 


Shown in figure I is the 15.354-percent-scale pressure model, with 
overhead-ramp inlets, installed in the Ames 11- by 11 -Foot Wind Tunnel. 

The model consisted of a forebody assembly; a normal shock inlet and duct 
assembly, or an overhead ramp inlet and duct assembly; an engine face rake 
and mass flow control plug; and an ejector assembly. The general arrange- 
ment of the normal shock and overhead ramp inlet configurations is shown 
in figures 2 and 3. Each inlet assembly consisted of two rectangular side- 
mounted inlets supplying air to a simulated engine face through a bifur- 
cated duct. Both inlet types had a capture height to width ratio of 2.0 
with the duct expanding to 110 percent of the engine face area and then 
contracting in the last 0.7 diameter of length. Tunnel installation sche- 
matics are shown in figures 4 through 7. 

Individual model parts and subassemblies, including pressure instru- 
mentation, are shown in figures 8 through 28. It should be noted that the 
figures are to scale with only limited dimensions given. The forebody in- 
strumentation used on some runs for both inlet configurations is shown in 
figure 8. Normal shock inlet model variables and instrumentation details 
are shown in figures 9 through 17. Model details included are the two 
upper cowl lip shapes (fig. 9); the three boundary layer splitter plates, 
including bleed areas (fig. 11); the three different lower cowl lip shapes 
(figs. 13, 16 and 17); and the blow-in door (figs. 14 and 15). Instrumen- 
tation for the overhead ramp inlet is shown in figures 18 through 24. The 
duct splitter just forward of the compressor face is shown in figure 25. 
Instrumentation at the simulated engine face and inlet mass flow controls 
is shown in figures 26 and 27. 

An ejector used to obtain typical engine airflow rates through the in- 
lets at Mach numbers of 0, 0.25, and 0.6 is shown in figure 28. 


INSTRUMENTATION 


The model was instrumented to measure both steady-state and high- 
frequency fluctuating pressures at the locations shown in figures 8 through 
24 and 26 through 28. Bytrex and Kulite dynamic-pressure transducers were 
used in combination to measure a total of 60 (48 at the compressor face) 
high-frequency pressures in the normal shock inlet and 64 (40 at the com- 
pressor face) in the overhead ramp inlet. These transducers were flush- 
mounted in the duct walls, ramp surfaces and cowl lips for static pressures; 
they were probe-mounted in the rake legs for engine compressor face total 
pressures. One Bytrex transducer was mounted in a ceiling probe (fig. 29) 
used to monitor the freestream fluctuating total pressure. All steady- 
state pressures were measured with a "scani valve" assembly mounted at the 
rear of the model support. When the model was mounted in the 11- by 11-Foot 
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Wind Tunnel the angle of attack was measured with a pendulum-type angle 
sensor. Model angle of attack in the 9- by 7-Foot Wind Tunnel as well as 
angle of sideslip in both test sections were measured with the tunnel strut 
drive systems. 


TESTING AND PROCEDURE 


The variation of engine-face total pressure recovery with inlet mass- 
flow ratio was established for each model configuration and test condition. 
All runs were made at constant Mach number and model attitude. In general, 
the mass flow schedule for each run consisted of two supercritical points, 
a match point, and two subcritical points. During supersonic operation, 
one of the two subcritical points usually included a "buzz" or a "buzz 
onset" point, or both, to define the range of stable inlet operation. 

On all static, a.id on most transonic runs, the model ejector (fig. 28) 
was used to induce sufficient airflow through the inlets. A total flow of 
151b/secat. 600 psig through the four ejector nozzles provided the proper 
airflow. 

For each data point, tunnel and model conditions were set and the 
steady-state data were recorded. Thirty seconds of dynamic data were then 
recorded on a Vidar high-frequency system (ref. 3) and the time variant 
Pratt & Whitney distortion parameters for the YF401 engine were computed 
with the NAPTC analog computer. 

Estimated uncertainties of some of the primary parameters are as 
follows: 


a = 

+ 

0.1 

MFRB * 

+ 

0.005 

3 ■ 

+ 

0.1 

MFRI = 

+ 

0.02 

M = 

+ 

0.005 

PT2 = 

+ 

0.005 


RESULTS AND DISCUSSION 


The run schedule for the present Investigation is shown In table 1. 

A sample of the tabulated steady-state data Is shown in the appendix. A 
complete listing of the tabulated data are not presented In this report 
i>e«tfuse of the large volume required; the data are available in reference 
s or from NASA-Ames Research Center, Moffett Field, California. Selected 
plots of the data are presented In figures 30 through 33. 

Engine-face total pressure recovery, steady-state distortion, and the 
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time-variant Pratt & Whitney fan total distortion parameter for the YF401 
engine as functions of inlet mass flow ratio and angle of attack are 
shown for both the normal shock and overhead ramp inlets at Mach numbers of 

0.9 and 1.4. All plots are at 6 = 0°. Plots of the normal shock inlet 
performance at M = 0.9 (fig. 30) show reasonable pressure recovery at « * 

0 with a rapid drop at a > 10°. A reduction in pressure recovery is also 
seen at a = -10°. At M = 1.4 (fig. 31) a slight increase in pressure re- 
covery is seen with increasing ct, and again the decrease at negative angles. 
The overhead ramp inlet at M = 0.9 (fig. 32) shows a drop in pressure re- 
covery at o > 10°, but not nearly so severe as the normal shock inlet. At 
negative angles of attack the loss in pressure recovery is much more pro- 
nounced at the lower mass flow ratios than with the normal shock inlet. At 
M * 1.4 (fig. 33) the overhead ramp inlet performance is considerably better 
than the normal shock inlet but shows the same slight increase in performance 
with increasing angle of attack. Negative angles again show a pronounced 
loss of performance. A large increase in mass flow ratio over that at M * 

0.9 can also be seen. In general, improvements in pressure recovery are 
accompanied by corresponding reductions in inlet distortion for both inlet 
configurations. 


Ames Research Center 

National Aeronuatics and Space Administration 

Moffett Field, California 94035 February 6, 1976 
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RUN SCHEDULE 
































TABLE 2. - INDEX JF FIGURES 


Title Page 

Tunnel installation transonic test section low angle-of- 
attack setup. 43 

General assembly: 15.354% bifurcated inlet, normal shock 

inlet configuration. 44 

General assembly: 15.354% bifurcated inlet, overhead ramp 

configuration. 45 

Tunnel installation: 1 1 -ft transonic test sect:;,., low angle- 

of-attack setup (elevation view). 46 

Tunnel installation: 11-ft transonic test section, low angle- 
of-attack setup (plan view). 47 

Tunnel installation: 11-ft transonic test section, high 

angle-of-attack setup. 48 

Tunnel installation: 9-ft x 7-ft supersonic test section. 49 

Forward fuselage instrumentation. 5(! 

Normal shock inlet: D^, Dg. 51 

Normal shock inlet instrumentation. 52 

Normal shock inlet inboard splitter leadirg edge config- 
urations: ^ 1 , o 3 , » g-j j , ^ 

Normal shock inlet rakes: Lg, Lg, L-j q. 54 

Normal shock inlet, C£ cowl. 55 

Normal shock inlet, C 3 cowl. 56 

Normal shock inlet blow-in-door remote drive system, cowl 


Normal shock inlet, C 4 cowl. 

Normal shock iniet, Cg cowl. 

Overhead ramp inlet instrumentation. 
Overhead ramp inlet lower cowl, C^. 
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TABLE 2. - Concluded 


Figure 

Title 

Page 

20 

Overhead ramp inlet, D 3 and rakes L g and Ly. 

62 

21 

Overhead ramp inlet f.rward ramp, r,. 

63 

22 

Aft ramp, r ^ . 

64 

23 

Overhead ramp inlet inboard side plate pressures. 

65 

24 

Bleed duct instrumentation. 

66 

25 

Duct splitter, Q^. 

67 

26 

Compressor face rake installation, L 4 E^. 

68 

27 

Engine face rake, L^. 

69 

28 

Ejector assembly. 

70 

29 

Wall probe. 

71 

30 

Normal shock inlet performance: M = 0.9, 3 s 0°. 

72 

31 

Normal shock inlet performance: M * 1.4, e = 0°. 

74 

32 

Overhead ramp inlet performance: M = 0.9, 6 = 0°. 

75 

33 

Overhead ramp inlet performance: M = 1.4, 8 = 0°. 

76 
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TABLE 3. - ENGINE FACE TOTAL PRESSURE NOMENCLATURE 
(Refer to Figure 27) 



Item Mo. 

Steady State Pressure 

High Frequency 

- b: 

1 

PT2 (1,1) 

PT2H (1,1) 

■' 1 
• p 

2 

PT2 (1,2) 

PT2H (1,2) 

3 

PT3 (1,3) 

PT2H (1,3) 

. 1 

4 

PT2 (1,4) 

PT2H (1,4) 

. 1 

5 

PT2 (1,5) 

PT2H (1,5) 

s' 

6 

PT2 (1,6) 

PT2H (1,6) 

■ i 
l 

i - 

7 

PT2 (1,7) 

PT2H (1,7) 

8 

PT2 (1,8) 

PT2H (1,8) 

: t 

9 

PT2 (2,1) 

PT2H (2,1) 

10 

PT2 (2,2) 

PT2H (2,2) 

V 

11 

PT2 (2,3) 

PT2H (2,3) 

• 

12 

PT2 (2,4) 

PT2H (2,4) 

i 

13 

PT2 (2,5) 

PT2H (2,5) 

ft 

14 

PT2 (2,6) 

PT2H (2,6) 


15 

PT2 (2,7) 

PT2H (2,7) 


16 

PT2 (2,8) 

PT2H (2,8) 


17 

PT2 (3,1) 

PT2H (3,1) 


18 

PT2 (3,2) 

PT2H (3,2) 


19 

PT2 (3,3) 

PT2H (3,3) 

; \ 

20 

PT2 (3,4) 

PT2H (3,4) 


21 

PT2 (3,5) 

PT2H (3,5) 

J 

22 

PT2 (3,6) 

PT2H (3,6) 


23 

PT2 3,7) 

PT2H (3,7) 

: f 

24 

PT2 (3,8) 

PT2H (3,8) 

' fc. 

25 

PT2 (4,1) 

PT2H (4,1) 

; 

26 

PT2 (4,2) 

PT2H (4,2) 

e 

27 

PT2 (4,3) 

PT2H (4,3) 

J.i 

28 

PT2 (4,4) 

PT2H (4,4) 

> i 

, V ’ 

29 

PT2 4,5) 

PT2H (4,5) 

\ £ 

30 

PT2 (4,6) 

PT2H (4,6) 

i 

31 

PT2 (4,7) 

PT2H (4,7) 

32 

PT2 (4,8) 

PT2H (4,8) 

J #• 

33 

PT2 (5,1) 

PT2H (5,1) 

i 1 

34 

PT2 (5,2) 

PT2H (5,2) 


35 

PT2 (5,3) 

PT2H (5,3) 

36 

PT2 (5,4) 
PT2 (5,5) 

PT2H (5,4) 

. B' 

37 

PT2H (5,5) 


38 

PT2 (5,6) 

PT2H (5,6) 

||- 

39 

PT2 (5,7) 

PT2H (5,7) 

•P‘ 

40 

PT2 5,8) 

PT2H (5,8) 


41 

PT2 (6,1) 

PT2H (6,1 

■HSb * 

42 

PT2 (6,2) 

PT2H (6,2) 

1 

43 

PT2 (6,3) 

PT2H (6,3) 


Pressure 



TABLE 3. - Concluded. 


Item No. Steady State Pressure High Frequency Pressure 


44 

PT2 (6,4) 

PT2H (6,4) 

45 

PT2 (6,5) 

PT2H (6,5) 

46 

PT2 (6,6) 

PT2H (6,6) 

47 

PT2 (6,7) 

PT2H (6,7) 

48 

PT2 (6,8) 

PT2H (6,8) 








Figure 2 - General assembly i 15.354% bifurcated inlet, 
normal shock inlet configuration. 






3U 1 






-ft 



Figure 6 - Tunnel installation: 11-ft transonic test section 
high angle-of-attack setup. 



Figure 7 - Tunnel installation: 9-ft x 7-ft supersonic test section. 
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Forward fuselage instrumentation. 





Figure 10 - Normal shock inlet instrumentation 





Figure ll - .jr.nal shock inlet inhoard splitter leading edge configurations: 




Figure 12 - Normal shock inlet rakes: L ft , Lq, L 10 






Figure 13 - Normal shock inlet, C 2 cowl 



Resole ly Actuated 
Blew -In-Door 



Figure 14 - Normal shock inlet, C 3 cowl 







Figure 16 - Normal shock inlet, C, cowl. 
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Figure IB - Overhead ramp inlet instrumentation. 
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Figure 19 - Overhead ramp inlet lower cowl. 
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VIEW LOOKING OUTBOARD 

All dimensions axe centimeters model scale. 


Figure 23 - Overhead ramp inlet inboard side plate pressures. 
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instrumentation. 




All dicensionc are In centimeters model scale 


Figure 25 - Duct splitter, Q. . 
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ORIGIN AD PAGE JS Figure 27 - Engine face rake, . 
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All dimensions are centimeters .nodel scale. 


Figure 29 - Wall probe 
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APPENDIX 

SAMPLE OF TABULATED DATA 


^>L 




.1 




ITS 

£ 

m 

< 


b 


> i 


o» 

o 


,- I 


* 

o 

N 

o 

<M 


t 

* 


m 

>o 

<M 

ri 

o 

o 

X 


H 

_J 

UJ 


UJ 

o 


o 

o 


< 

a 

X 

H* 

UI 

z 

> 


—4 

X<M 


u- 

Z 1 

w 

o 

*-4*— 4 

in 

? 

w 

M 

o 

lA 

o 

o 


m 

■JJ 


A 

H 

OXiA 

h* 

<1 

~o 1 


u 

U.Z 

OC 

a 

4£m 


o 

Uh 

X 

Ui 

OwA 

o 

3 

N 

<N# 




UJ 

-4 


-J 

< 

a 

IA 

r-J 


H* 

►-in 


Z 

LL 00 


UJ 

>4 • 


o 

CC4 

O 

cC 


K 

UJ 


O 

Q. 


o 


o 

A 


K-4 

A 

1A 

H-4 

« 

GA 


• 


0. 

IA 


1 

>4 


o 


CO 



Q.AJ 


** 
U. o 
< 4. oo 

h X • 


\A 

D 


N 


OA 

mA-PA 

oo 

• i 

oo 


_ tn>r 

UJ NOCO 
K— OO 


0'0®^'fl®NfOOH O 
-iO'CDO'AV'-AOrU^O <7* 
OV5^'JO^f v Nr*NN gv 

#•*••••««• • 

oooooooooo o 


I1.U.U.U.U.U. 

w3r*3j 



• t 

u. 

It 

u 


UJw oo 

OC 

o 

a 


>x 

CL 

o 


oroo' 

«o mro 


0. 

o 

x^'Ocn 

O 



U'O'OO 

33 r^K 



a 

a. * * * 

a. • • 

< 



OOO 

oo 

>- 





< 



X-JCC-J 

XDJ 

Q 



-j 


H 





U> 




w>f-<0''OON 

*" co ® c 3 h - f '*^ 

0CQ':?'>>3'<^ 

<M ♦ • • • * t 
hOOOOOO 
a 

COlA^AJlAGOlA 
rr> .*'J .*A (\(0'H3 
Q0 

O' O' O' O' >5' O' 

**••••• 


IM 


GO 

tOK*- 

saw 

O fO 


0«N 
ZKO 
oo * 
u»o 


o 

z 

VJ 


< 

5 

o 

u. 

z 

o 

o 


-J 

;lO -I 



rr* 

a • 

< 

UJ 

«u 

u.o 

0*0 


vJ ** 

i 


X<I 1 

o 

N-jru*A4f CS4«1 

X 

< 

k- 

o ^ 

a 

Z'O 

3 N 

-j 

z 

5 2 


a 

uj in 

2 

X 

8 

* ri 

fc- 

CL 

? 

¥• 


k.W 

OW • 
*- o 


OOOOOOO O 

- 4 ®>J'®N 0 ''*- o 

O' AN® A —4 —4 tA 
NO'O'O'O^sf® 

O' O' O' O' O' O' O' 

«••!••• 

0000030 

«4«0 4 , iA 0®O 

OOO'®®®^ x> 

* O' O' O' O' OCT' 

H ( t « I ( t 

« oooooo 

< o'oy^r^oo -*>t 
o 0 O' in -4^ co ia 
— .A'O DP- OsTAjO 
aj-> O 3‘ O' O' > O' O' 

O *■ I I < I I I » 

ooooooo 

a.'-* 

<S| C^OCM A**-*-* 300 

ujt— vj-rAOin OrnA- ao 

Zia.C-'-nor-'Otm 0 a- <o 
M 0000000 

• «••••• • • 


*000-4 30 

r\i*« AAoor- 
O OAOA 


A-»0 

oo^ 
>0 0 0 


ueujoo'j ou 


urn 

a* 

«tO 

GO 



o 

+ O'O' O' 

>f»- 


0.0 


<-* n) 

lAv — < -0 f*- 




-O 

OHf^O 

»A 30 0 >0 

DO 




O— rA 

• • • • 

• • 


u.^ 


~JJJ 4 

o oo o 

oo 


aca* 


0.0 o 




CL >0 


a 

nOvf-4^J 

mO'O' 


CD • 


J- -4 

O'O'C'O'A- 

>0^0 


►* o 

< IA 

U Ajng 


J3 3>CD 


a 

k- 

-J fA 

*11*41 

• • # 



< 

O • 

OOOOOO 

OOO 


it o 

Q 

a 




-j 



GOrSjfU-iAjO 

>OOin 

CD 

a o 

UJ-% 

o 

rA'OOOlA-oO' 

AJ'M — 

Cf 

CD • 


<-4-4 

^^NU}*JO 

wo co 

& 

0.0 


fA 

*••••• 

* 1 * 

• 


tt X 

• 

oooooo 

ooo 

o 


u. 

O 




U.O 

UJ^* 


OlAAJfA.NU' 

* J'A*- 

CO 

JO 

oa 


rjcoo® >r wo 

<0«M 


ar* 

< «■> 


tON^CQCDr 1 * 


CA 

CO • 

•j 


• ••••• 

• * 4 

• 

1-0 

UJ 


oooooo 

OOO 

o 

a. 


adaikw 

aa 


u. O' 
a^* 
oo 
a • 
oo 
a 

l^' 

a*** 

i/lA 

•— I • 

oo 

a 


A- 

• 

330 m 

O' 


a*A 

3Q>f 

o 

A«QO >t 

00 

o 

< t 


^•4* U> 

>0 

>0 

O 

<A 

• • * 

• 

• 


CM 

oo o 

o 

o 


ii 

rjor^incN 

O'® 


—4 

-J-A 

• 

*C t7* A 

CO x> 

OA 

co>r 

o 

>OAL'vOCA 

O 0 

>0 0 

<* « 


4 4**1 

• 1 

• • 

o 

>#• 

00030 

oo 

OO 


O 

A^rArgA 

<M® A 

CM O A 


GO 

pAJ?>0 4 

O'®-* 

o oo 


• 

OAU>>C'A 

Oo'O 

OOA 


o 

***** 

* • < 

• » • 



ooooo 

ooo 

COO 



-4-4 ® 

OOA 


OOUOO ooo ooo 


-•oh^.'n'o^ 

fA J'OAv* An?-® 
O' • O'OCJ'0‘7' 

l "4 « ( ( I • 

o uuouu 

S'JIlVj A**>® 

AiO'QO'*oom^* 
O' • ao'aoa 

«f4 t I • I I 

o uuooo 

53A--4 70 AlA-4 

w.y Ot'-^A^ 
At' A O' A A O' 

«••••«• 

cooooooo 


A? A 
■A - > 
A* A 

I • 

ou 

<NA 

^ o 

® A 


oo 

or' 

TN 

• » 

oo 


**rt 

Tt 

IN 

a 


<M A PM® O 


P'O'-jAO -3A0' 
'OOO'f'O 0^'<f 


03000 ooooouoo 


UJ 

-J 

£ 

C*. 

>: 

*1 

a 

'1 

UJ 

a 


•* 

o 

o 

o 

si 

2 

UJ 

3 


-1-4 




“'OC 


Mm* 

MM 

*«* 

M ^“)M 

— ® 

5 

i 


w 

>— 


—a 

U LL 

itu 

LL 

ULU t 

XU. 


O.J 

$5, 

— J 

-j>:nc 

OCX 


zz 

at 


cox 


r.ct 

~o 


a 

a 

/ 



a 

a 




eta 






IS! 


ORIGINAL PAGE xS 
OP POOR QUALITY 


78 





> i 

H 

O 


IA 

m 

on 

2 

U 

9 


lA 

Ujs 

o • 


V)Q t 
OC<«A 
UjJ 6 U > 

W (A 


< 

oc 

< a t 

auuO 

3*] 

-J 

CL 

WN'T 

ghO 

3a™ 

oo^ 

Ui • 
CL° 


sO 

UiAJ 

Ow 


«*W COW 

^ W 

° ° X 

« • K 

o o x 


U*Aw WAJ 

z o o 

< O o 

J I « 

3 0 O 

00 

s«, g « g 

o o 


wo* <a«o 

w o 


lA 

wg* 

O o 

OC • ^ 

QO 

X 

O Z«A > 

ai'O 

WO GfiO 

Cj • O • 
o *-<o m 


uj 

o 

< 

a. 


o 

o 


AJ 

o 


OC 

< 

X 

o 

rs* 



a m 

CO 

wo 


o 

JO 

3^ 



wo 
o • 

8°. 



o 

oo 




** 




ZlA 



IH 

wpg 

- 


oo 

oo 

o • 


o • 

o 

O • 

WQ 

ZW 

NN 



I — w 
H * 

fcS 

w 

0C<^ 


O -4 

-jog 

UJ 


N • 

OO 

wo 


c?o 

a « 

• 

am 


o 

o 


ox • 

•-Om 

U-ZiA 
-:m i 
U k 
Ocn 

eg 

Op* 


WlA 
U,® 
X * 
0 C*Q 


fMiAiA ^ f - ^on 
XlAlAgi W*C U M 
« « » Oo “*o 

OOO • • 

o o 

U 00 (N 
-J OCT CO 
U , i • OCsf 
(X Off* oo 

ui in*t * • 

a. o o 


o 

0 

VI 

vi 

Ui 

X 

0. 

1 

o 


o 

N-W 


« 

CLN 


GfifolNAIJ PAGE B 
«F POOR QUALITY 


* 

o 

N 

>0 

N 


I 

5 

•4 

0. 

lA 


v> 


N 


CO 

V)WW 

za£ 

O A 


moOiA o 

V) Q • t I UN 
QCilAfMN OO 
uK'Orvn • 
► .lN-i-4 O 

V 

X<* wg 
40£ • £° 

CLQfA O • 

**0 ° 
Ui<N 
U-* 

< 'A 

2 

CMAWW no 
uiKOwtc O • 

2o,9»0*<p o 

WON • * • 
z*a©wo 


ILfA 

am — 
too — >* 
X * ~ 

w© X 
X W 
CL 

U.IA O 
nia am 

3°. 

o 


u.* 

(N'O 


OC * 

*o 


o«™ 

DJJ * 

oao 


ui 

U 

in 

a • 
2* 9 


• a 


* 

__ rio 

W O^m 3 * 

< NO'^U' a 

5 

5 NNN 

L % • * * VA 

X OOO cgW 

OO 

9 

«ON O 
AJA pgi 
I.NNN 

3 • • • 

s ooo z*A 

o« 

MUl 


?! 

O 

o 



WW 

Owh 
>UA U3C 
XujO w< 
_|W UI.X 
tf -*« 
OL 


► CO 
*MW 

<m 
* • 
*o 


T* 

WO 

*<; 


UvA 
NN 
< 4* 

-cJ 


Ai> 

< 0 * 

*o 


L - J ^ oo * t --4 0 C*A 
owm few - 
« 4 u -\— * • < • 

u. • • <G 0 o 
*oo * 
u 


cx^w oco -Jin 
u-Ow co^t a 3 >t 
X • < * 

U • « <4 o 
hO * 


—Ow -JIM 
llNO ' OQlA 
XI • X • 
o |Q 4<t 


O ^ o£N 

^ p* 00 s 

# a*t 
o u» • 


° s 


KJO 


o 

X lA 
X o 

£ o 


COG 4 
a< 
u. • 
xo 
X 


-NO a: a? 

yoo a~* 

U-CDCO W- 't 

i • • a 

OO o • 

ao 


itmm jh 

COW w B<M w W 

^XOO WC> X<A O 

OLL • • ft oo > O 

•-IOO o • * 

w ^.o 

4 

QC _ 

jr*m Xia ^ 

>£ CU w -4 CD CO IM O 

QXOO Xu’S O 

_jU- • • U> * 

ILIOO • 

o 

«/» ^ 

v> ^ 

<Cwm -J— < w w 

XXcoaO ®0 2 

U.WW Oh 0^ 

X • t 0 J 

OO • o 

o 


WlViN 

a • • 

<u%m 

UKN 


oo 

o< 

X 


a® 


tA»A 

sOO 

^£5 


XlA 

com 

w sO 
IL^O 


OsO 

mo 

wcr 

ao 


Kj «i PS2 

ON 

►a® 
vi * 
o 


WO 

»QiA« 


CO 

XOO 

30 

WO 


om 

W* 

O 


► 

N>^ 

< 0 * 

*0> 

o 


Wh* 

0-0 

o 


lA 

caw 

OO 


u£w 

w 

*0 

m 

o 

c^O 

!Er 

X 

w 


HN 

w 

» 

^ • 


a 

O 

<* 

O • 

a 

JA 

X 

aw 

a 


j»A 

o in 

og 

m 

o 

r- 

• 

JN 

WH> 


O 

^ • 

a*A 

o • 


eg 




'A 

O 



ui 

s 

a 

A 
► Y 
OUi 
!3h 

&5 

XX 

OH 

aa 


a 

s 


o 


N4 
iAXi 

o oo 

ui a® 

a o 


52 

UJ 

so 

£5 

sf < 

OJO 

U43 

sis ! 


o 

K *Erf 


tfl 

UiX 

Si 

erui 

-5 

ux 

D « 

ua 


X'A 
4 0 
JN 


ON 

-o 

2*. 

*o 

<OiA 

INN 

SwSN 

3 a * J ! 

VI O 


I 


f 

5 


79 


